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Abstract

Osteoarthritis (OA) is a degenerative disorder characterized by cartilage degeneration and persistent
pain, leading to disability, decreased quality of life, and substantial economic burden. Although various
medicines are available for osteoarthritis, exploring phytoconstituents is garnering attention due to
limited side effects. This study is based on network pharmacology to explore the potential mechanism
of prunetin. First, we utilized Swissatargetprediction database to get prunetin related targets and
intersected with OA targets. The intersecting targets were analysed for protein-protein interaction and
GO KEGG enrichment analysis. A total of 19 core targets were identified. Even more, we obtained top
10 hub genes. Among these targets EGFR, ESR1 and PPRA were the targets significantly enriched
with the core pathways such as Metabolic pathways, Chemical carcinogenesis, Arachidonic acid
metabolism, and Endocrine resistance pathway. Overall, our study underscores the importance of
further investigating Prunetin as a potential therapeutic option for OA and provides a foundation for
future research endeavours in this field.
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1. INTRODUCTION

Osteoarthritis (OA) is a prevalent chronic articular condition characterized by cartilage
degeneration and persistent pain, leading to disability, decreased quality of life, and
substantial economic burden. Its global incidence is approximately 20%, although
regional disparities exist, ranging from 10-17% in Europe to 16—29% in Asia, Africa,
and the Middle East. Various genetic and environmental factors influence susceptibility
to OA. Traditionally viewed as a degenerative cartilage disease, OA is now recognized
as a multifactorial joint pathology influenced by inflammatory and metabolic factors
(Jain et al., 2020; Coaccioli et al., 2022).

Although various medicines are available for osteoarthritis, exploring herbal medicines
like prunetin is significant for several reasons. Herbal medicines often offer a natural
alternative with potentially fewer side effects compared to synthetic drugs (Jain et al.,
2022). Additionally, herbal compounds like prunetin may possess unique bioactive
properties that could provide complementary or alternative therapeutic options for
managing osteoarthritis (Wal et al., 2022, 2023a). Furthermore, investigating herbal
remedies contributes to a broader understanding of traditional medicine practices and
may unveil novel treatment avenues for complex conditions like osteoarthritis.
Therefore, exploring prunetin and similar herbal medicines is valuable in diversifying
treatment options and advancing holistic approaches to osteoarthritis care. Prunetin,
an isoflavone compound derived from Caulis spatholobi, exhibits diverse
pharmacological effects, including anti-cancer and anti-inflammatory properties

123 MAY Volume 21 Issue 05


http://www.commprac.com/

WWw.commprac.com
ISSN 1462 2815

(Alagusundaram et al., 2023; Fan et al., 2023). Research is ongoing to elucidate its
molecular mechanisms and develop derivatives with enhanced efficacy and safety.

Clinical trials are underway to evaluate Prunetin-based therapeutics, highlighting its
potential integration into personalized medicine approaches. It has several
pharmacological effects, such as inflammation reduction, stress reduction, and the
control of proteolytic activity. Reports suggest Prunetin’s anti-OA effects, attributed to
its inhibiting pro-inflammatory cytokines via the NF-kB pathway. Network
pharmacology, a cutting-edge approach integrating systems biology and
pharmacological data, offers insights into Prunetin's therapeutic genes and signalling
pathways in OA treatment. Our study aims to unravel the molecular mechanism
underlying Prunetin's ethnomedicinal use for OA by integrating bioactive compounds,
molecular targets, and interacting pathways. Network pharmacology is a novel
strategy integrating systems biology, and pharmacological data, which improves the
clinical efficacy and understanding of the side effects of drugs (He et al., 2023;
Dhanoriya et al., 2024; Jain et al., 2024a). This approach is accepted as the next
model of drug development, which updates the current research model of ‘single drug
target’ into a novel model of ‘drug-disease multiple targets and multiple signalling
pathways’ (Shi et al.,, 2021; Jain et al., 2024b). In the present study, network
pharmacology was performed to predict the therapeutic genes and related signalling
pathways of Prunetin in the treatment of Osteoarthritis (OA). Therefore, the present
study aimed to generate networks to provide a rational and molecular mechanism of
the ethnomedicinal use of Prunetin as anti-OA botanical by bringing the bioactive
compounds, molecular targets, and interacting pathways together.

Several studies have reported the potential efficacy of prunetin in treating
osteoarthritis; however, its mechanism of action remains unclear. Hence, we
conducted this study to analyse its target pathways using network pharmacology,
aiming to elucidate its mode of action and therapeutic potential in osteoarthritis
management.

2. METHODOLOGICAL APPROACH

We utilized a range of computational tools and databases to explore and forecast the
bioactive compounds, potential gene targets, and pathways implicated in the
pharmacological network of Prunetin for Osteoarthritis (OA).

Prunetin-related targets were acquired from the SwissTargetPrediction database
(http:/lwww.swisstargetprediction.ch/) using the Canonical SMILES acquired from
PubChem Database (https://pubchem.ncbi.nlm.nih.gov/) (Cheng et al., 2014; Jain
et al., 2023). Targets with probability score >0 were selected for futher analysis with
limiting species selection of “Homo sapiens”. Similarly, Osteoarthritis -related gene
targets were retrieved using the keywords “Osteoarthritis, major knee disorder, and
joint disorder” from DisGeNET (https://www. disgenet.org’/home/) public disease
databases (Pifiero et al., 2017). To identify the intersected Osteoarthritis -related gene
targets intervened by  Prunetin active ingredients, Venny 2.1.0
(https://bioinfogp.cnb.csic.es/tools/venny/) web tool was used (Jain and Baghel, 2019;
Wang et al.,, 2021). Intersection gene targets of selected prunetin bioactive
compounds and Osteoarthritis were retrieved for subsequent network analysis. The
overlapping targets of Osteoarthritis and Prunetin bioactive compounds were
examined using the STRING v11.5 (https://string-db.org/) online database to identify
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potential inter-target interactions (Baghel et al., 2016; Jain and Baghel, 2019;
Szklarczyk et al., 2019). Official gene names of the shared targets were queried in the
database with the "H. sapiens" setting, utilizing a high confidence score threshold of
0.40 to enhance data reliability. The resulting protein-protein interaction (PPI) network
was exported in TSV and PNG formats and subsequently imported into Cytoscape
v3.10.1 for visualization and further topological analysis. The network analyzer tool in
Cytoscape v3.10.1 was employed to collect node and edge information, while the
CytoNCA plug-in was utilized to identify core targets based on degree centrality. The
top 10 targets were also determined using the CytoHubba plug-in, employing the
degree technique among the 10 topological parameters (Shannon et al., 2003; Jain
and Tailang, 2023; Wal et al., 2024). To comprehend the mechanism of Prunetin
bioactive compounds in treating Osteoarthritis, the identified Osteoarthritis core
targets were analyzed using the DAVID 2021 functional annotation tool
(https://david.ncifcrf.gov/tools.jsp) for Gene Ontology (GO) analysis and KEGG
pathway enrichment analysis (Jiao et al., 2012; Pathak et al., 2015; Wal et al., 2023b).

Official gene symbols of the core targets were inputted with "H. sapiens" as the
selected species. The analyses yielded the significant GO biological processes (BP),
molecular functions (MF), and cellular component (CC) terms, as well as the KEGG
pathways. Data were sorted by applying filters for gene count from largest to smallest,
with a significance threshold of p-value <0.05. The GO terms and KEGG pathways
were visualized using SRPIlot (https://www.bioinformatics.com.cn/en) (Dubey et
al., 2014; Nelson et al., 2023). Utilizing Cytoscape v3.10.1, a Prunetin-Target-Pathway
network was constructed based on the PPI network and KEGG analysis. This network
incorporates Prunetin, hub gene targets, and the top 5 KEGG pathways. Nodes within
the network represent bioactive compounds, targets, and pathways, while edges
signify the interactions among these elements.

3. RESULTS AND DISCUSSION
3.1 Predicting Prunetin’s therapeutic targets

Screening the SwissTargetPrediction database identified 48 Prunetin-related gene
targets. Concurrently, 1827 targets associated with Osteoarthritis (OA) were sourced
from the DisGeNET database. Upon matching these disease targets with Prunetin
targets, 19 overlapping genes emerged as potential targets for the therapeutic effect
of Prunetin against OA (Fig. 1).

Prunetin Osteoarthritis

Fig 1: Screening of Potential overlapping targets between prunetin and
osteoarthritis
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3.2. PPl network analysis

The Protein-Protein Interaction (PPI) network comprising 19 overlapping genes was
constructed using STRING and visualized through Cytoscape software. The network
comprised 19 nodes and 36 edges, with an average local clustering coefficient of
0.597 and an average node degree of 3.79 (Fig. 2). Subsequently, visual topological
analysis was conducted using the CytoNCA application, focusing on "Degree "
centrality. Among the 19 core targets, the top 10 hub genes (Fig. 3) were determined
to be ESR2: Estrogen Receptor 2, ESR1: Estrogen Receptor 1, EGFR: Epidermal
Growth Factor Receptor, IL2: Interleukin 2, ESRRB: Estrogen-Related Receptor Beta,
CYP19Al: Cytochrome P450 Family 19 Subfamily A Member 1, PTGSI1:
Prostaglandin-Endoperoxide Synthase 1, MIF: Macrophage Migration Inhibitory
Factor, ESRRA: Estrogen-Related Receptor Alpha, PPARA: Peroxisome Proliferator-
Activated Receptor Alpha. Notably, targets such as PTGS1, IL2 and MIF were
identified as inflammation-related genes, suggesting that the inflammatory response
may be a primary target for Prunetin in the treatment of Osteoarthritis (OA).

Ti,:R‘J

Fig 2: Protein-Protein Interaction Network: (A) STRING network, (B) Cytoscape
network
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Fig 3: Hub gene targets (A) Top 10 hub gene targets, (B) Bar chart depicting
degree distribution of hub gene targets
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3.3. GO and KEGG pathway enrichment analysis

The 48 Osteoarthritis core targets underwent KEGG pathway and GO annotation
analysis using the DAVID 2021 functional annotation tool to elucidate the molecular
mechanism of prunetin in treating Osteoarthritis. Following analysis, a total of 129
significantly enriched (p < 0.05) GO terms were identified, encompassing 15 Biological
Process (BP), 06 Cellular Component (CC), and 16 Molecular Function (MF) terms,
based on the p-value. The top 5 terms for each BP, CC, and MF were selected to
generate a bubble plots as shown in Fig. 4. Top 5 BP terms are transcription initiation
from RNA polymerase Il promoter, positive regulation of transcription from RNA
polymerase Il promoter, positive regulation of transcription, DNA-templated,
inflammatory response, cytoplasm, and CC terms are GO:0005737 cytoplasm,
GO0:0005654 nucleoplasm, GO:0005789 endoplasmic reticulum membrane,
G0:0043231 intracellular membrane-bounded organelle, GO:0000785chromatin. The
most significant MF terms identified were GO:0008270 zinc ion binding, GO:0003707
steroid hormone receptor activity, GO:0004879 RNA polymerase Il transcription factor
activity, ligand-activated sequence-specific DNA binding, GO:0043565 sequence-
specific DNA binding, GO:0003700 transcription factor activity, sequence-specific
DNA binding. Similarly top 5 KEGG pathway were identified (Fig. 5). Metabolic
pathways (hsa01100), Chemical carcinogenesis - receptor activation (hsa05207),
Pathways in cancer (hsa05200), Arachidonic acid metabolism (hsa00590) and
Endocrine resistance (hsa01522).
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Fig 4: Gene ontology enrichment analysis
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Fig 5: KEGG Pathway enrichment analysis
3.4 Prunetin-Target-Pathway network construction

Using Cytoscape v3.10.1, a visual bioactive-target-pathway network was constructed
to analyze the interaction among bioactive compounds, gene targets, and significantly
enriched KEGG pathways. The network comprised 26 nodes, including prunetin and
five KEGG pathways, interconnected by 26 edges (Fig. 6).

Degree analysis highlighted certain pathways with higher degrees, notably Metabolic
pathways, Chemical carcinogenesis, Arachidonic acid metabolism, and Endocrine
resistance pathway. This suggests that Prunetin bioactive compounds may influence
the pathogenesis of Osteoarthritis (OA) by modulating these targets enriched in the
identified pathways.
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Fig 6: Prunetin- target-pathway network construction

4. CONCLUSION AND FUTURE PERSPECTIVES

The study presented here explores the potential of Prunetin, as a therapeutic option
for Osteoarthritis (OA) through a comprehensive network pharmacology approach. OA
is a prevalent chronic articular condition characterized by cartilage degeneration and
persistent pain, leading to disability and decreased quality of life. Despite the
availability of various medications, there is a growing interest in herbal medicines like
Prunetin due to their potential as natural alternatives with fewer side effects. Results
indicate the identification of potential target genes for Prunetin in OA treatment, along
with the construction of botanical-bioactive-target networks and protein-protein
interaction networks. Key genes and pathways implicated in OA pathogenesis,
particularly those related to inflammation, are highlighted. Gene ontology and pathway
enrichment analyses provide further understanding of Prunetin's molecular
mechanisms in OA. Interpreting the findings, we underscore Prunetin's promise as
anti-OA therapeutic agent. Our findings reveal that Prunetin may exert its effects
through multiple pathways, including inflammatory responses, metabolic pathways
and core targets identified in our study, such as Estrogen Receptors, Interleukins, and
Peroxisome Proliferator-Activated Receptors, suggest a complex interplay of
molecular pathways contributing to Prunetin's therapeutic effects. However,
challenges such as limited clinical evidence and bioavailability hinder its translation
into clinical practice. Addressing these hurdles and validating the network
pharmacology findings through experimental studies are imperative for realizing
Prunetin's therapeutic potential. In conclusion, our study highlights the potential of
Prunetin as a therapeutic agent for Osteoarthritis (OA) through a comprehensive
network pharmacology approach. By elucidating the bioactive compounds, target
genes, and pathways involved, we provide valuable insights into the molecular
mechanisms underlying Prunetin's efficacy in OA treatment. Overall, our study
underscores the importance of further investigating Prunetin as a potential therapeutic
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option for Osteoarthritis (OA) and provides a foundation for future research
endeavours in this field.
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